Long-slit medium-resolution spectra of the Galactic globular clusters (GCs) NGC 6229 and NGC 6779, obtained with the CARELEC spectrograph at the 1.93-m telescope of the Haute-Provence observatory, have been used to determine the age, helium abundance (Y), and metallicity [Fe/H] as well as the first estimate of the abundances of C, N, O, Mg, Ca, Ti, and Cr for these objects. We solved this task by comparing the observed spectra and the integrated synthetic spectra, calculated with the use of the stellar atmosphere models with the parameters preset for the stars from these clusters. The model mass estimates, T eff , and log g were derived by comparing the observed "color-magnitude" diagrams and the theoret- 
INTRODUCTION
There are about 150 globular clusters (GCs) in our Galaxy with different luminosities, sizes, and stellar density in the center [1] . The majority By no means all of the Galactic GCs have been studied spectroscopically. The clusters of our study (NGC 6229 and NGC 6779 (M 59)) belong to such poorly studied objects.
The basic properties of the studied objects are presented in Table 1 along with the parameters of the objects we chose from [1] ; these two objects, NGC 5904 (M 5) and NGC 6254 (M 10), are their close analogues in terms of metallicity, age, horizontal branch type, and other parameters. We took the spectra of these GCs from Schiavon et al. [3] . All four GCs under consideration are massive, dynamically evolved objects with high stellar density in the center.
NGC 6229 is one of the most distant GCs of the outer halo. The photometry was performed and the "color-magnitude" diagram (C-M ) was plotted for this cluster by several authors during 1986-1991 (see references in [4] ). The first deep photometry of the cluster core and periphery, including the full horizontal branch (HB) and the asymptotic giant branch, was performed by Borissova et al. with the 2-m telescope at NAO Rozhen, Bulgaria [4] [5] [6] . In these papers and also in [7] , the HB structure and the variable stars in NGC 6229 were investigated; the position of the main sequence (MS) turnoff point was also determined. Borissova et al. [5] were the first to note the similarity in the metallicity and age of NGC 6229 and NGC 5904. A common property of these two clusters is the presence of a considerable number of RR Lyrae-type variable stars.
The blue stars brighter than the MS turnoff point (blue stragglers) were studied in [8] based on the Hubble Space Telescope images.
NGC 6779 is a low-metallicity globular cluster of the halo. It is comparatively poorly studied because of its close proximity to the Galactic plane. Hatzidimitriou et al. [9] presented a deep ground-based photometry of this cluster, and Sarajedini et al. [10] and Dotter et al. [11] performed the stellar photometry based on the Hubble images. The authors estimated the metallicity and age of the cluster using the Dartmouth isochrones [12] . Unlike NGC 6229, NGC 6779 has a low metallicity (see Table 1 ) and an extended blue horizontal branch.
NGC 5904 is the closest GC to us that is located far from the Galactic plane. That is Table 1 . The key parameters of the studied and comparison globular clusters according to [1] : heliocentric distance Dist⊙; Galactocentric distance DistGC, assuming DistGC = 8 kpc for the Sun; absolute V -band magnitude in the Johnson-Cousins photometric system; central V -band surface brightness; color excess; tidal radius rt; core radius rc; central concentration c = log(rt/rc); central luminosity density logarithm why it is an excellent object for studying the abundances of individual GC stars, and for plotting deep C-M diagrams. Its exact photometry serves for testing the stellar evolution models.
The cluster includes a large number of variable stars. It has an enormous space velocity and a very eccentric orbit [13] . Two millisecond pulsars have been found in it, one of which is associated with a massive neutron star [14] . The nature of these objects is not clear yet. Coppola et al. [15] estimated the distance to the cluster by the "period-infrared magnitude" relation for the RR Lyr-type stars: (M − m) 0 = 14.44 ± 0.02.
Similar distance estimates were obtained by approximating the evolutionary sequences of the cluster with theoretical tracks using the Hubble photometry [16, 17] .
NGC 6254 is one of the nearby clusters of the Galactic halo for which deep Hubble photometry is available. In particular, the photometry results allow one to determine the percentage of binaries as a function of distance to the center of NGC 6254 [18] . This, in turn, made it possible to explain the low level of mass segregation in the cluster without invoking the hypothesis of an intermediate-mass black hole in the cluster center [19] . The deep photometry performed on Hubble images and estimates of the distance and Galactic absorption for NGC 6254 were also presented in [10] .
The integrated spectra of the two nearby clus- However, obtaining such spectra with a sufficiently high S/N ratio requires much observing time with large telescopes, and is possible only for the brightest stars. The analysis of the integrated light of the clusters allows us to efficiently process the data obtained with 1-2-m telescopes for all the objects in the Galaxy, and the data from large telescopes for extragalactic clusters.
This approach is adopted in this paper for the four above-mentioned clusters. It allowed us to obtain valuable data for the comparison of the photometric and spectral stellar evolution models which is the essential basis for understanding the properties of the stellar populations in other galaxies.
In Section 2 the observations and their reduction techniques are described. In Section 3 we present the method of modeling the integrated cluster spectra in accordance with the data on the isochrones and the luminosity function, and of determining the chemical abundances. In Section 4 the results of the investigation are discussed, and the conclusions are formulated in Section 5.
OBSERVATIONS AND REDUCTION
We have observed the clusters NGC 6229
and NGC 6779 with the 1.93-m telescope of the Haute-Provence observatory for a comparative analysis of their stellar populations and the characteristics derived from the study of the C-M diagrams. The observation log is presented in Table 2 . Long-slit medium-resolution spectra (5.5 ′ ×2 ′′ ) were obtained with the CARELEC [15] spectrograph. We used a 300 lines/mm grating, which provided a dispersion of about 1.78Å per pixel and a ∼ 5Å(FWHM) spectral resolution in the working spectral range of 3700-6800Å. Calibration exposures with HeNe lamps were taken at the beginning and end of each night. The observations were carried out in adverse weather conditions with cirrus and intermittent clouds.
The average seeing was 2.5-3.5". However, the lack of illumination from the moon allowed us to obtain the CCD images of required quality dur- a moving slit to obtain the integrated GC spectrum (see, e.g., [3] ). This technique enhances the probability of background objects entering into the resulting spectrum, especially in the case of GCs close to the Galactic plane.
Primary data reduction was conducted using MIDAS [21] and IRAF 1 software packages.
First, we filtered out cosmic ray hits with the filter/cosmic code in MIDAS environment. The analysis of the correspondence of the observed and theoretical spectra was conducted in the Origin 6.1 graphical environment.
METHOD OF DETERMINATION OF THE CHEMICAL ABUNDANCES AND EVOLUTIONARY PARAMETERS OF GLOBULAR CLUSTERS
The method used in this paper was first presented by Sharina et al. [22] . The method applies not only to spectral but also to photometric observational and theoretical data. It is based on a comparison of the observed GC spectra and model spectra derived by summing up the individual synthetic spectra of stars with different masses, log g, and T eff . The stellar parameters are set by the isochrone best corresponding to the cluster C-M diagram. The method for estimating the abundances and evolutionary parameters described in this section can be applied to any globular cluster for which deep stellar photometry and a long-slit spectrum containing the information on all the stars of the cluster are available. The spectra of the dense central GC regions are best suited for such an analysis. Our method is applicable to spectra with a resolution of R > 2500, a rather high signal-to-noise ratio (S/N > 100), and a spectral range of no less than 1500Å. ages for a number of clusters were adopted from Dotter et al. [11] , whose results were derived with the use of isochrones from Dartmouth [12] .
Isochrone selection is carried out in the following way. (2) Next, the theoretical isochrone minimally deviating from the fiducial sequence is selected. This is done by χ-square minimization: It is necessary to note that both the vertical and horizontal methods do not require knowledge of absolute distances to the observed objects and of the light absorption in their direction.
There are numerous modifications of these two approaches (see, e.g., [30, 31] . The results of age estimation for the same cluster using different methods vary greatly. Modern researchers use a maximum likelihood method for isochrone selection for the C-M diagram of a cluster as a whole.
We use a similar method. Estimation of the MS turnoff point magnitude is rather difficult and often leads to an age inaccuracy of about 10%.
That is why the approximation by an isochrone of the C-M diagram as a whole with all its bends is much more precise. As we use not only the photometric data characterizing the stellar luminosities and temperatures but also spectroscopic data on the detailed abundances, further development of our method could allow us to estimate the absolute ages of the clusters.
Variation of Y influences mainly the luminosity and temperature of HB stars. Old GCs have many blue stars on the HB and often a sequence of low-luminosity stars with temperatures higher than those of the HB stars [32] .
After the selection of [ For the two tested clusters, the helium abundance was found to be higher than in the photometric results of VandenBerg et al. [17] . The α-element abundance for NGC 6254 that we mea- 
Modelling of Stellar Spectra
The number of stars with a given mass is calculated according to the Chabrier mass function [33] . For obtaining the synthetic spectra of plane-parallel, hydrostatic stellar atmospheres for the derived isochronic parameters (T eff , log g, Model atmospheres are computed by interpolating the grids of Castelli and Kurucz [34] according to the technique described in [35] . For normalization we model two spectra simultaneously: (1) with the allowance for atomic lines and molecular bands in the spectral range covered, and (2) without it. Thus, the synthetic spectra are derived by dividing (1) by (2) . Note that during the modelling of all spectra, a constant eters and abundances of GCs, it is necessary to achieve the best fit between theoretical and observed spectra in the whole studied range. As the analysis in [22] with S/N > 100 showed, this approach allows us to determine the cluster parameters and the abundances of about 10 chemical elements. Our abundances, determined by the strong Ca, Mg, Fe, CH lines and blends, the majority of the Na, Al, Ba, Sr lines, and all the lines with λ > 5300Å, are differential, as the empirical oscillator strengths gf , derived in [36] by the solar spectrum analysis, are used. parameters. Moreover, the main contribution to the optical spectra is made by the stars located at the MS turnoff point at T eff = 6200-7500 K and by the brightest asymptotic branch giants. (1) determining the maximum spectral intensity within a specified wavelength range (5 FWHM), λ, A Figure 13 . The same as in Fig. 10 , but for NGC 6254. ticeable than in the spectrum of the MS and subgiants branch stars. As a result, the integrated spectrum of the whole cluster noticeably differs from the spectra of all its components.
Abundance Determination
Variations of [Fe/H], log g, and T eff allow us to calculate the spectra of various cluster stars.
Summing up these spectra taking into account the stellar mass functions produces the total synthetic spectrum of a GC.
The average chemical abundances in the atmospheres of GC stars are determined by matching the observed and theoretical line profiles, line blends, and molecular bands. As explained in the to the observed one, we assume that the light from GC stars in the main evolutionary stages is adequately represented in these two spectra. It is also assumed that the observed spectrum is not distorted by background objects. In reality, the last condition is not always met, especially in the case of GCs close to the Galactic plane. Observations with different slit orientations allow us to eliminate the distortions caused by background stars in most cases. The spectra of test GCs from Schiavon et al. [3] were derived using the long-slit scanning method, and, thus, they may contain such distortions.
As was mentioned in the Introduction, age,
[Fe/H], and Y were estimated using deep photometry results from the literature. Table 3 shows the summary of those estimates. Generally, our results of the above-mentioned estimation of these parameters, derived by means of cluster spectrum analysis, agree with the ones from the literature. However, there are a number of discrepancies. Our age estimate for the well studied GC NGC 5904 exceeds the value derived in [17] by 0.9 Gyr, and the helium abundance is excessive. These parameters are de- [2] . Following our results (see Table 3 
CONCLUSIONS AND SUMMARY
The method we used for modelling and analysis of the integrated spectra of the clusters was previously discussed in [22] . In this paper we expanded it by including the investigation of the cluster C-M diagrams and their detailed comparison with the theoretical isochrones. Now, as a result, this method combines the possibilities of using both the spectroscopic, integrated along the slit data, and photometric data on the stellar populations of the clusters. We use the results of deep stellar photometry from the literature to select an isochrone that best fits the cluster C-M diagram. The summing-up of the stellar synthetic blanketed spectra, calculated using model atmospheres, is conducted using the stellar luminosity function of Chabrier [33] . The matching of the theoretical and observed cluster spectra is carried out iteratively. Initially, the distribution of cluster stars by mass, radius, and log g is preset using the literature data on the theoretical isochrone which fits best the ob- 
